Abstract Studies show that hepatitis B virus (HBV) DNA isolation methods vary in their efficiency to extract DNA from serum samples. The purpose of the present study was to develop an improved method for isolation of HBV DNA and compare it with commonly used HBV DNA isolation protocols. In order to develop HBV DNA isolation protocol, serum samples were collected from patients and screened for the presence of hepatitis B surface antigen, hepatitis B e antigen and HBV DNA. Highly viremic samples were pooled and used to compare commonly used HBV DNA isolation methods; namely alkaline lysis, microwave treatment, organic, inorganic with modified inorganic method. DNA isolated by these methods was detected qualitatively by polymerase chain reaction and quantitatively with competitive polymerase chain reaction (cPCR). The modified inorganic method gave maximum yield of HBV DNA followed by inorganic, organic, microwave treatment and alkaline lysis method. Our data also demonstrated a critical role of proteinase K in HBV DNA isolation. DNA isolation method described here, in combination with a reproducible and sensitive quantitative technique would further help in accurate classification of HBV infected patients, designing suitable drug regimen for treatment and monitoring antiviral treatment as well as emergence of drug resistant mutants.
Introduction
Hepatitis B virus (HBV) belongs to family, Hepadnaviridae. Worldwide, more than 350 million people are estimated to be chronically infected with this pathogen that results in more than one million deaths annually [18] . Infection with HBV results in a broad spectrum of liver disease ranging from sub-clinical infection to acute, selflimited/fatal fulminant hepatitis [16] . The presence of hepatitis B surface antigen (HBsAg) in the serum/plasma indicates HBV infection. Various studies conducted to correlate levels of this antigen with HBV DNA load in the serum furnished conflicting results; some showed correlation of HBsAg levels with HBV DNA levels while others did not [8] . Conventionally, HBeAg serves as a marker for active viral replication [16] . The presence or absence of HBeAg is assumed to represent a high or low replicative state of HBV, respectively. However, mutants which do not secrete these antigens (HBsAg and HBeAg), irrespective to their rate of replication, have been reported [12] .
In 1989, Kaneko et al. [14] reported that detection of HBV DNA levels in serum of chronic carriers is a better indicator of ongoing viral replication. Currently, hybridization based assays and polymerase chain reaction (PCR) [9] are used for HBV DNA detection. PCR a rapid, specific and sensitive molecular technique is successfully used in the detection of HBV DNA from clinical specimens. The sensitivity of the PCR technique depends mainly on the quality of DNA isolated from the pathogen present in the clinical specimen. To evaluate the reliability of HBV detection by various laboratories, a quality control study was conducted by Quint et al. [19] in which 39 laboratories participated and all, except one, used PCR to detect HBV genome. Only 10 laboratories could furnish respectable results and Heermann et al. [13] ascribed such poor performance of various laboratories partially to inefficient DNA extraction protocols used or false amplification.
Various studies suggest that HBV DNA levels are helpful in defining different states of HBV infection and monitoring response to antiviral treatment (AVT) [1, 2] . Correlation of the HBV DNA levels to the stages of histological activity and to AVT response will be important in guiding the therapeutic regimen for the individual patient including, length and dose of a particular drug or use of combination therapy [21, 22] . Furthermore, in a workshop, National Institutes of Health (NIH) suggested a 10 5 copies/ml of serum to differentiate inactive carriers from chronic hepatitis B (CHB) patients (CHB individuals show persistence presence of HBsAg for [6 months and raised alaninie aminotransferse (ALT) levels with progressive disease while asymptomatic carriers are characterized by seroconversion of HBeAg or absence of this antigen and normal ALT levels with minimal or absence of liver fibrosis). The latter forms the high risk group and AVT is recommended for such individuals, while inactive carriers form the low risk group and do not require AVT [17] . Keeping in view the importance of such studies, efficient HBV DNA extraction methods are important, as loss of DNA during its isolation may lead to misclassification of patients and accordingly will affect the AVT outcome. In this study, we present a modified inorganic method for efficient extraction of HBV DNA from human serum, and evaluate its performance in comparison with the commonly used HBV DNA isolation protocols.
Materials and methods

Samples
Ten highly viremic serum samples were collected from HBV infected patients, who were positive for HBsAg and HBeAg by commercially available kits (Abbott Laboratories, North Chicago, IL) and for HBV DNA by an in-house PCR assay [3] . All the patients or their legal representative gave informed consent. These serum samples were pooled and used for comparison of different HBV DNA extraction protocols and a pool of serum from healthy individuals lacking HBsAg, HBeAg and HBV DNA served as the negative control which was included in each batch of DNA isolation and PCR amplification.
DNA extraction methods
Microwave irradiation
HBV DNA was isolated as described by Costa et al. [5] . Briefly, 50 ll of serum was pipetted into a 1.5 ml microcentrifuge tube and was kept in the rotating platform of a microwave (1200 W, Singer, India) for 3 min till the serum was completely desiccated. Serum water condensed at the top of the centrifuge tubes was spun down by centrifugation and the clear supernatant solution was directly used for PCR amplification or stored at -20°C for further analysis.
Alkaline lysis
This was done following Kaneko et al. [14] . Briefly, 10 ll serum was pipetted into 0.5 ml microcentirfuge tube and incubated with 1 ll of 1 M NaOH solution at 37°C for 1 h. The mixture was centrifuged for 15 s in a tabletop microcentrifuge at 13,000 rpm. Subsequently, the solution was neutralized with HCl (final conc. 0.1 M) and the resulting solution was centrifuged and used for amplification.
Organic
Standard protocol by Sambrook and Russel [20] was followed for isolation of HBV DNA. Briefly, 50 ll of serum with 350 ll of TE buffer (pH 8.0) was incubated at 56°C for 2 h in the presence of 1 mg/ml of proteinase K and 0.66 % SDS. The solution was cooled to room temperature and subsequently extracted with equal amount of PCI (phenol:chloroform:isoamyl alcohol::25:24:1). This step was repeated till the white precipitate at the interphase stopped appearing. Sodium acetate (Fc 0.3 M; pH 5.2) was added to the aqueous layer and the DNA was precipitated with 2.5 volumes of 95 % ethanol in the presence of 2.5 lg glycogen (Invitrogen, NY, USA) and kept at -20°C for at least 4 h. The DNA was separated by centrifugation at 13,000 rpm for 15 min. and then washed with 70 % ethanol. Finally, the dried pellet was dissolved in 20 ll of TE buffer and stored at -20°C till further use.
Organic without proteinase K
In this method, all steps were similar to organic method except the samples were not treated with proteinase K enzyme.
Inorganic method
The serum was extracted according to standard inorganic protocol for DNA isolation, briefly, 50 ll of serum was diluted with 350 ll of TE buffer and incubated at 56°C for Serum HBV DNA isolation 175 2 h in the presence of proteinase K (1 mg/ml) and SDS (0.66 %). The solution was brought to room temperature, followed by protein precipitation by addition of NH 4 OAc (Fc, 3.4 M). The mixture was vortexed and centrifuged (13,000 rpm, 15 min) to extract the DNA from the proteins. Subsequently, the DNA was precipitated and stored as described under the organic section.
Modified inorganic
Serum sample was irradiated by microwave as described by Costa et al. [5] . Subsequently, the DNA was extracted following inorganic method.
Analysis of isolated HBV DNA
Polymerase chain reaction PCR amplification of HBV DNA was carried out according to Changotra and Sehajpal [3] . Briefly, PCR was performed in 30 ll; containing 10 ll equivalent of serum sample, 2.0 units Taq polymerase (Bangalore Genei, India), 150 lM dNTP mixture (dATP, dCTP, dGTP and TTP), 0.1 lM each primer (FW1; 5 0 -GGT ATG TTG CCC GTT TGT CC-3 0 ; nt 460-480 and RW1; 5 0 -CCC AAT ACC ACA TCA TCC AT-3 0 ; nt 760-740), 50 mM KCl, 10 mM TrisHCl (pH 9.0), 1.5 mM MgCl 2 and 0.01 % (w/v) gelatin. After thoroughly mixing the contents, the reaction mixture was overlaid with *30 ll mineral oil. After initial denaturation of PCR mixture for 3 min, the samples were amplified in a programmable thermal cycler (MJR Research Products, USA) for 35 cycles consisting of denaturation at 94°C for 30 s, annealing at 57°C for 30 s and extension at 72°C for 30 s, followed with a final extension at 72°C for 3 min. The primer pair described here amplifies a highly conserved 300 bp region of the surface antigen (S) gene of HBV genome. A positive (known sample of HBV DNA) and a negative control (sample without HBV DNA) were also processed with each batch of amplification. The amplified products were analyzed on agarose gel electrophoresis.
Competitive polymerase chain reaction (cPCR)
This method allows a known amount of a specific sequence (the competitor) to be co-amplified with the target DNA (both are of different sizes), using the same set of primers. The competitor and target DNAs are amplified in the same tube and these compete with each other for amplification components. The amplified products can be resolved on agarose gel and the point where the two DNA fragments are amplified equally (intensity of amplified bands equals) denotes the point of equivalence. This was carried out according to Changotra and Sehajpal [4] . The latter includes the detailed strategy for generation of competitor molecule. Briefly, for synthesis of competitor molecule, a forward primer was designed (modified-FW1) which had sequence of FW1 at its 5 0 end and its 3 0 end 12 nucleotide sequence was complementary to the HBV DNA template at nt 550-562 of S gene (5 0 -FW1-CTA TGT TTC CCT-3 0 ). PCR with the modified-FW1 and RW1 primer pair resulted in the amplification of 230 bp competitor molecules with the sequences of FW1 and RW1 at its flanking regions and this was used in the cPCR. PCR with this primer pair amplified both target DNA and competitor molecule of 300 and 230 bp, respectively, when co-amplified. Briefly, for quantification of HBV DNA from the sample, a constant amount of HBV DNA was co-amplified with known dilution series of competitor DNA construct. Amplification was performed in a volume of 30 ll containing 3U of Taq polymerase (Bangalore Genei, India), 200 lM of dNTPs mixture (dATP, dCTP, dGTP and dTTP), 0.2 lM of each primer (FW1 and RW1), 50 mM KCl, 10 mM Tris-HCl (pH 9.0), 1.5 mM MgCl 2 and 0.01 % (w/v) gelatin. The DNA sample and competitor were added in the last. After mixing thoroughly the contents of the tube, it was overlaid by *30 ll of mineral oil. The amplification was performed in a programmable thermal cycler (MJR Research Products, USA). After initial 3 min denaturation of samples at 94°C, 35 cycles of denaturation of samples at 94°C for 30 s, annealing at 57°C for 30 s and extension at 72°C for 30 s was done, with final extension at 72°C for 3 min. This results in generation of two products (300 bp corresponding to target, and 230 bp corresponding to competitor) and these were analyzed by agarose gel electrophoresis for calculation of amount of unknown HBV DNA from the point of equivalence. Serum used for HBV DNA isolation in microwave treatment and alkaline lysis methods was less, so, this was finally converted to 1 ml equivalent of serum for comparison of HBV DNA extracted with the other methods.
Statistical analysis
Statistical analysis was carried out using the SPSS ver. 7.5 for windows software (SPSS Inc., Chicago, IL, USA). The HBV DNA levels are presented as the mean ± SD. The differences between the groups were analyzed using one way analysis of variance (ANOVA). Results were considered statistically significant at P \ 0.05.
Results
Qualitative detection of HBV DNA by PCR
HBV DNA isolated by different DNA extraction methods was subjected to amplification by PCR as described. Figure 1a shows a representative agarose gel electrophoresis of PCR products amplified from HBV DNA isolated employing various methods, showing that the intensity of amplified PCR products in lanes 3, 5 and 6 were comparable and relatively higher as compared to amplified products in lanes 1, 2 and 4. Densitometric analysis of the gel picture (Fig. 1b) revealed that modified inorganic method gave maximum intensity of the expected size PCR products, since the intensity of the amplified product corresponds with the initial amount of DNA in the reaction mixture before amplification i.e. amount of HBV DNA extracted in this case.
HBV DNA yield obtained using modified inorganic method was highest followed by inorganic, organic with proteinase K, organic without proteinase K, microwave treatment and alkaline lysis method. In case of alkaline lysis method, a smear in addition to the expected size product, was also visible that could be due the presence of serum components that are not removed/inactivated in this protocol, as the later involves only the lysis and neutralization of the serum components but not the removal. However, all other protocols gave clean band of expected size with variable intensities (Fig. 1) .
Quantitative detection of HBV DNA by cPCR Isolated HBV DNA was quantified by cPCR to determine the yield obtained using various methods. Yield of HBV DNA (average amount of HBV DNA isolated in three different extractions) obtained per ml of the serum is shown in the Table 1 . It is evident that the modified inorganic method gives the maximum yield of HBV DNA (mean ± SD; 991.00 ± 59.70 ng/ml of the serum, equivalent to 3.92E ? 12 ± 2.36E ? 11 copies/ml) while it is least in case of alkaline lysis method (0.65 ± 0.24 ng/ml of the serum, equivalent to 2.56E ? 9 ± 9.63E ? 8 copies/ml). With this assay also, we observed the same order of the DNA quantity as in case of PCR method from the respective isolation method. Statistical significant difference (P \ 0.05) was observed between the extraction efficiencies of these protocols. HBV DNA isolated by these protocols was also quantified spectrophotometrically (data not shown) and the order of yield was similar to that as in case of cPCR except that alkaline lysis yielded better than microwave.
Discussion
Globally, HBV infection is a major health problem and HBsAg carrier rate in the general population ranges from 2 to 20 % [18] . The term carrier is very important because these are the reservoirs of the infectious agent and are themselves prone to develop severe liver diseases. Diagnosis of hepatitis B is based on serological as well as DNA based methods. HBV DNA is a reliable and better marker of viral replication and infectivity as compared to serological indicators [14] .
Various molecular biology techniques have been developed for the detection of HBV DNA, PCR being the most sensitive can detect as little as 10 HBV genomes per ml of the serum. Therefore, PCR is the preferred test for detection of HBV DNA sequences in the clinical specimens for diagnostic purposes [14] . However, the efficacy of PCR amplification may be affected by the presence of number of Taq polymerase inhibitors in the serum [7, 23] and thus DNA extraction is required before amplification.
In the present study, we compared five HBV DNA isolation protocols with a modified inorganic method. PCR and cPCR, respectively, were used for detection and quantification of the isolated HBV DNA. We obtained concordant results with both the methods. Table 1 shows the yield of DNA isolated in different protocols by cPCR, clearly alkaline lysis method gave lowest yield (0.65 ± 0.24 ng/ml of the serum) of DNA while it was maximum (991.00 ± 59.70 ng/ml of the serum) with modified inorganic method. Alkaline lysis and organic method are two most frequently used methods for HBV DNA isolation; the former is convenient, as it does not require multiple steps and can be accomplished in a single microfuge tube. With alkaline lysis method, we got lower yield of DNA compared to organic method, a finding supported by Costa et al. [5] but is contrary to the observation of Kaneko et al. [14] who reported slightly better results using alkaline lysis method. Interestingly, these results were opposite when we quantified HBV DNA spectrophotometrically (alkaline lysis method gave more DNA yield compared to organic protocol, data not shown). This may be due to (1) shearing of DNA in alkaline lysis protocol could lead to increased absorbance, thus giving erroneous quantification results, (2) presence of Taq polymerase inhibitors in case of DNA isolated by alkaline lysis method which adversely affects the PCR protocol.
Organic method avoids use of expensive enzymes to separate proteins from nucleic acids, as buffered phenol has capability of separating the two, with DNA going into aqueous phase and proteins in the interphase. Gerlich and Ribinson [10] reported that virion derived HBV DNA contains a covalently linked protein to the 5 0 end of the long strand of the HBV genome. Consequently, upon phenol-chloroform treatment alone, HBV DNA will be linked with the protein and go to the organic phase, thus leading to inefficient extraction of HBV DNA. However, upon proteinase K treatment, the protein gets separated from the HBV genome and results in efficient separation of the HBV DNA into the aqueous phase. Similar observations have also been made by other workers [6] . In addition to this, when Kramvis et al. [15] compared QIA Amp Blood Kit and GeneReleaser with phonol:chloroform (organic) method, the later was found to be most sensitive extraction method. However, Gobbers et al. [11] reported high sensitivity without involving proteinase K treatment; who extracted HBV DNA by guanidinium thiocyanate. When we compared organic HBV DNA isolation protocols with and without proteinase K to analyze the effect of later, a stark difference in HBV DNA yield was observed. On addition of protease, the yield of extracted DNA was increased to approximately five times than the protocol without involving proteinase K (difference was *100 times in case of inorganic protocols with and without proteinase K, data not shown). In the modified inorganic method, a step involving microwave irradiation was added before processing the serum sample following inorganic protocol. Microwave irradiation somehow inactivates the Taq DNA polymerase inhibitors and creates unfavorable energy conditions for HBV DNA and 5 0 -linked protein resulting in their dissociation hence, increased yield [5] .
The yield after inorganic protocols (inorganic and modified inorganic) was much higher as compared to organic ones (with and without proteinase K). Moreover, organic method is complicated, uses hazardous chemicals and there are chances of loss of DNA at interphase of organic and aqueous phases as evident from the data. In addition to this, when we compared averages of the HBV DNA isolated and quantified following different protocols, a statistically significant difference (P \ 0.05) was observed between the extraction efficiencies of these methods. This apparently demonstrates that minor variations incorporated in the individual protocols for HBV DNA detection method could lead to significant variation in the results. This could be one of the reasons for poor performance of different laboratories [13] in the quality control study conducted by Quint et al. [19] .
In summary, new modified inorganic HBV DNA extraction method gives maximum yield of DNA and the data of this study suggest that proteinase K plays a pivotal role in HBV DNA extraction. DNA isolation method described here, in combination with a reproducible and 
